The aim of the experiment was to compare the effect of two newly synthesised organic selenocompounds with that exerted by sodium selenite on oxidant processes in rat lungs. Total antioxidant status (TAS), activity of antioxidant enzymes -superoxide dismutase (SOD) and glutathione peroxidase (GPx), concentrations of non-enzymatic antioxidants -ascorbic acid (AA) and reduced glutathione (GSH), concentration of lipid peroxidation marker -malonyldialdehyde (MDA), as well as tissue concentrations of silicon and magnesium were determined in rats receiving different selenocompounds (inorganic selenite and organic selenosemicarbazide in a chain form -compound A and selenazoline in a ring form -compound B). TAS values were elevated in comparison with control without Se-supplementation. GPx was insignificantly increased when compared to control, mainly in the group receiving compound B. Inorganic selenite significantly increased SOD and decreased levels of AA. MDA was slightly altered in Se-supplemented animals. Silicon levels were not affected, whereas magnesium concentrations were considerably reduced in all groups receiving selenium. Compound B increased TAS to the highest degree. It did not have any impact on components of the antioxidant barrier and slightly decreased MDA. Therefore, it could be suggested that further research, including in vitro studies on cancer cell lines, may reveal new possibilities of medical applications of selenocompounds.
Introduction
Selenium is an essential trace element necessary for an organism to maintain and carry out its normal functions (23, 25, 28) . Its deficit has been found to be connected with many severe disorders including cancer (13, 15) . Although a lot of research on safe and effective supplements have been conducted using both inorganic (1, 9) and organic (20, 23, 28) compounds as well as Se-enriched natural products (21) , the issue of the best form of the compound remains not answered. The main complications result from the thin boundary between therapeutic and toxic dose of selenium (10) . Moreover, selenium bioavailability depends on the form of supplementation (4) . However, it has been suggested that organic compounds are more efficient as supplements (21) .
The oxidation stress has been revealed to be involved into the process of carcinogenesis (28) . Selenium, which is considered as an antioxidant, as a constituent of glutathione peroxidase (27) , has been reported to display anticancerogenic and, additionally, antimetastatic activity (5) . Organic selenium compounds in a cyclic form have been reported to show anticarcinogenic activity (29) . However, other authors claim that no evidence of efficacy of selenium supplementation in prevention of lung cancer was found (7, 9) . Generally, this issue seems to be unclear and researchers point to the necessity of avoiding supranutritional dose of selenium (11) .
Magnesium and silicon belong to important bioelements (21, 22) . The maintenance of their correct homeostasis is a key issue for living organisms. A decrease in risk of lung cancer in women connected with increased magnesium levels in drinking water has been revealed in Taiwan (6) . The possibility of relationships between the homeostasis of selenium and silicon can be taken into account as deficit of selenium has been stated in patients with silicosis (19) .
The aim of the experiment was to compare the effect of two newly synthesised organic selenocompounds on oxidant processes in rat lungs with that of sodium selenite -an acknowledged inorganic supplement, still used in clinical practice (26) . Additionally, the changes of magnesium and silicon levels were studied. The outcomes of this experiment may help to answer the question whether the studied organic compounds could be qualified to further studies concerning their possible application as Se-supplements or anticarcinogenic agents.
Material and Methods
Two selenoorganic compounds were synthesized in the Department of Medical Chemistry ( The experiment was carried out on adolescent male Wistar rats. After 3 d of acclimatization, the animals were randomly divided into four groups (ten animals each): group I (control, not supplemented with selenium) -treated with saline; group II -treated with sodium selenite; group III -treated with 4-(o-tolyl-)-selenosemicarbazide of 2-chlorobenzoic acid; group IV -treated with 3-
At the beginning of the experiment, the body weight of the animals was recorded and all decreased within a range of 150 g. Sodium selenite was given in the form of water solution. Organic compounds A and B, given to groups III and IV, were suspended in emulsion composed of corn oil, Arabic gum, and water in ratio 2:1:1.5. They were administered by a stomach tube. The selenium compounds were given at the dose of 0.5 mg of Se/kg b.w. once a day for 10 d. Body weights were measured every day before Se administration and the appropriate amount of the selenium compound for administration was calculated for each animal. Rats had free access to standard feed LSM and drinking water. After the end of the experiment, the animals were sacrificed under pentothal narcosis and the samples of lung tissue were collected.
The study was performed according to statutory bioethical standards and approved by the Local Ethical Commission of Medical University of Lublin.
Ten percent (w/v) tissue homogenates were prepared in 0.1 mol/L Tris -HCl buffer, pH 7.4. Supernatants were obtained by centrifugation at 5000 rpm for 30 min.
The following parameters were determined in lung homogenates: total antioxidant status (TAS), activity of antioxidant enzymes -superoxide dismutase (SOD) and glutathione peroxidase (GPx), concentrations of nonenzymatic antioxidants -ascorbic acid (AA) and reduced glutathione (GSH), as well as concentration of lipid peroxidation marker -malonyldialdehyde (MDA). TAS was measured using a diagnostic kit (RANDOX) and expressed in mmol/g of protein. SOD and GPx activities were determined using RANSOD and RANSEL diagnostic kits (RANDOX) and expressed in U/mg of protein and U/g of protein, respectively. Reduced glutathione concentration was determined using a BIOXYTECH MDA concentration was determined using method described by Ledwożyw et al. (14) and expressed in nmol of MDA/mg of protein. Protein was measured using Bradford's method (3) . The concentration of silicon in supernatants was measured using the spectrophotometric method described by Wielkoszyński (30) . The magnesium concentration in supernatants was measured by the reaction with xylidyl blue (diagnostic set Liquick Cor-MG 60), using colorimetric method. Tissue concentrations of bioelements were expressed in mmol/kg of wet tissue. The assays were performed with the use of spectrophotometer SPECORD M40 (Zeiss Jena).
Statistical analysis was performed using the ANOVA test. The choice of multiple comparisons test was dependent on evaluation of variance homogeneity in compared groups, which was performed using Leven's test. Comparisons between control and Sesupplemented groups, as well as among Sesupplemented groups were made using the Tukey's HSD test because all variances were homogeneous. Values were considered significant at P < 0.05.
Results
All results concerning oxidative processes are presented in Table 1 . TAS values were increased when compared to control group although this effect was significant only in the groups II (inorganic selenite) and IV (organic cyclic selenazoline). Antioxidant enzymes SOD and GPx were affected in different ways by Se-supplementation. SOD was significantly elevated in animals supplemented with the inorganic selenite, whereas organic compounds practically revealed no influence. Additionally, the inorganic selenite considerably increased SOD activity in comparison with group IV. GPx was insignificantly increased compared to control but this effect depended on the form of provided selenium and was the most distinct in group receiving organic ring selenazoline. Ascorbic acid concentration was significantly reduced in group II (inorganic selenite) in comparison with controls and group III (chain selenosemicarbazide). Reduced glutathione concentration decreased significantly in group III, in comparison with group II. The concentration of MDA was not significantly affected by Se-supplementation, irrespectively of the administered compound.
All results concerning the bioelements are presented in Table 2 . Silicon tissue concentration was not changed, whereas magnesium was significantly decreased in all groups of rats receiving selenium, irrespectively of the form of the supplement.
Discussion
In the present experiment, TAS value increased in the lungs of rats receiving selenocompounds. It seems to be a very beneficial effect as the lungs are very exposed to reactive oxygen species. In the available literature the relationship between Se-supplementation and lung TAS has never been reported.
In the study, inorganic selenite did not affect lung GPx activity. Similar results were obtained by Glauert et al. (9) in the experiment performed on mice, and by Amara et al. in the experiment carried out on rats (1). The significant increase in GPx activity was obtained in 3 months old mice, both healthy and additionally exposed to ozone. Interestingly, in older animals (6 months) healthy ones displayed well-marked decrease, whereas those exposed to ozone showed no changes (8) . Selenium was also found to increase GPx in the lung of rats subjected to paraquat (12) . In the case of SOD, the present experiment revealed well-marked increase in rats receiving selenite. On the contrary, Amara et al. (1) observed no changes in healthy rats and a significant decrease in those exposed to dimethoate. The presented differences indicate that the influence of inorganic selenium may depend on the age as well as on the action of other factors to which the supplemented organisms can be exposed.
In the study, SOD was not affected by organic selenium when compared to the control group, whereas GPx increased insignificantly. In the experiment performed by Talas et al. (28) both SOD and GPx were significantly increased in the lungs of rats receiving selenium in organic form but these results were observed in animals treated with a cancerogenic agent. The study performed on lung cells of Chinese hamsters revealed no significant influence of diphenyl diselenide on SOD activity, whereas GPx was increased (23) .
In the case of GSH, the structure of the provided selenocompound seems to influence its action, as it was evidenced by an insignificant but distinct depletion of GSH vs. control (chain selenosemicarbazide), or no influence (ring selenazoline). Talas et al. (28) have observed a significant increase in lung GSH in rats administered with organic selenium but the animals were additionally subjected to a cancerogenic agent. Inorganic selenite did not cause any significant changes. Similar results were observed by Amara et al. (1) .
No significant influence of selenium supplementation on MDA was observed in the study. The same observations were revealed in the experiment performed on rats receiving inorganic selenite (1). Prigol et al. (20) also did not observe changes in the level of thiobarbituric acid reactive substances (TBARS) in the lung of rats administered with organic diphenyl diselenide. Talas et al. (28) observed a significant decrease in lung's MDA but in that case organic selenocompounds were given to rats exposed to a cancerogenic agent. Selenium was also found to decrease MDA concentration in lung of rats exposed to paraquat (12) .
Magnesium in the lung decreased after Seadministration, irrespective of the form. A decrease in serum Mg in ewes and their progeny, caused by sodium selenite injections, was previously reported (2) . There is practically no available data concerning relationships between these two elements in lungs. However, a study performed in USA revealed no associations between total selenium intake and lung cancer risk, whereas dietary magnesium displayed a trend for an increased risk (16) .
As organic selenocompound B in the form of a ring mostly enhanced TAS, did not disturb components of antioxidant barrier, and slightly decreased MDA, it could be suggested that further studies, including in vitro research on cancer cell lines, may reveal new possibilities of its medical applications.
